Abstract. Time-resolved optical microscopy during femtosecond laser irradiation of amorphous GeSb films provides evidence for a non-thermal phase transition occurring on a subpicosecond time scale.
Introduction
Most of the work reported up to date on ultrafast, non-thermal, laser induced phase changes has concentrated on the solid-to-liquid transition in group IV-and III-Vsemiconductors [1] . However non-thermal processes due to strong electronic excitation might be also important in triggering transitions between different solid phases of a material. It has been recently shown that the threshold fluence required for crystallizing amorphous GeSb thin films under pulsed laser irradiation decreases substantially for pulses shorter than one picosecond [2], indicating the relevance of electronic effects. In this work we have analyzed the dynamics of phase transformations induced in amorphous Ge 0.04 Sb 0.96 films upon irradiation with 100 fs laser pulses at 620 nm by means of reflectivity measurements with fs-time and µm-space resolution (time-resolved optical microscopy) [3] . The spatial information contained in the reflectivity snapshot images of the surface provides directly the fluence dependence of the induced changes through the spatial intensity distribution of the pump laser beam.
Results and Discussion
The time dependence of the reflectivity upon irradiation can be seen in Fig.1A where it has been plotted for two different locations inside the irradiated spot, corresponding thus to two different local pump fluences. In both cases, the evolution of the reflectivity in the ps to ns time scale shows a plateau with a value of 0.69 which corresponds to the molten phase of the material Figure 1B shows cross-sections of reflectivity images obtained for three different delay-times between the pump and the probe pulses (∆t= 500 fs, 200 ps, ∞). In the trace for ∆t = ∞, the zone in the center of the spot with a constant reflectivity of 0.71 corresponds to the finally crystallized region. The trace for ∆t = 200 ps, with top reflectivity values of 0.68-0.69, shows the extension of the region undergoing melting which is clearly bigger than that one finally crystallized. The trace for ∆t = 500 fs shows the formation of a constant reflectivity region with a value of 0.71 at the center of the spot.
The sub-picosecond reflectivity increase which is observed in Fig.1A for fluences below 19 mJ/cm 2 can be related to the creation of a dense electron-hole plasma. It is followed by a slower increase to the reflectivity level of the liquid. At higher fluences, the reflectivity shows an abrupt increase to a maximum value of 0.71 within 300 fs before it relaxes to the value of the liquid phase. This maximum value of the reflectivity in the subpicosecond time scale is exactly that of the crystalline phase and is the same for any fluence value above 19 mJ/cm 2 . This can be clearly seen in Fig.1B by comparing the traces for ∆t = 500 fs and ∆t = ∞. The flat-top behavior at ∆t = 500 fs discards any excitational effect (electron-hole plasma) and is a clear evidence for the formation of an intermediate phase of the material which is (optically) different from the normal molten state and identical to the crystalline one. Moreover it must be noticed, that this intermediate phase is observed exactly in that region of the spot which finally crystallizes.
These observations provide strong experimental evidence for a connection between the transient phase and the crystalline state. Our data can be thus interpreted in terms of a non-thermal, electronically induced, amorphous-tocrystalline transition occurring prior to melting. The structural similarities between 
Conclusion
We have we have analyzed the dynamics of phase transformations induced by fs laser pulses in amorphous GeSb. The results indicate the formation of a nonequilibrium phase of the excited material for fluences above 19 mJ/cm 2 . This nonthermal transient phase is observed for only a few hundred fs, is optically different than the normal molten state and shows a clear connection with the crystalline one.
